Antipredator behavior was measured in four populations of zebra-tailed lizards (Callisaurus draconoides) and two populations of greater earless lizards (Cophosaurus texanus). Lizards were approached in the field, and five measures of wariness were recorded. Callisaurus had significantly greater approach distance and greater final distance than did Cophosaurus. Among populations of Callisaurus, lizards were wariest at the site with the least plant cover. Within populations, air temperature, the directness of the observer's approach, and the lizard's distance to nearest cover when first sighted had significant direct effects on flight behavior based on path analysis. Windiness and time of day had significant direct effects and indirect effects through their relationships with air temperature and distance to cover. Path analysis indicated no one variable with great overall influence on antipredator behavior in these lizards but rather a combined influence of several environmental factors. et al., 1987) . Therefore, these species might be expected to ?
differ in their species-typical responses to the approach of a predator, such as how soon to run as the predator approaches and whether to run to cover. A multipopulation approach is useful because differences in habitat structure (Snell et al., 1988) or predator pressure (Pianka and Parker, 1972 ) may correlate with variation in antipredator behavior. Most studies of within-population variation have examined variability in only one aspect of antipredator behavior and have considered the influence of only one ecological factor (e.g., temperature) on antipredator behavior (e.g., Rand, 1964; Dill, 1990) . In contrast, I examined simultaneously the influence of several ecological variables on several aspects of flight behavior. Including many factors at once increases explanatory power, and path analysis allows examination of the influence of several factors together that are related in a complex, hierarchical fashion (Arnold, 1972; Li, 1975; Sokal and Rohlf, 1981) .
I tested for species and population differences in wariness as indicated by approach distance, distance moved, angle of flight relative to the predator's path, and running to cover. I predicted that lizards inhabiting more open areas would be warier; a wary lizard may remain closer to cover, but in a sparsely vegetated habitat, the lizard may respond to a predator by running sooner or further.
In addition, I tested the effects of directness of approach, air temperature, windiness, time of day, and distance to nearest cover on the distance of the run and the closeness of approach to individual lizards. Figure 1 outlines the hypothesized relationships among the variables which were examined using path analysis (Arnold, 1972; Li, 1975; Sokal and Rohlf, 1981) . This path diagram illustrates the expected causal relationships between particular environmental variables and components of flight behavior. Constraints imposed on lizards by environmental conditions (Porter et al., 1973) provide a basis for predictions of the direction of these relationships. Because lizards with a lower body temperature have an impaired ability to run (Bennett, 1980; Hertz et al., 1982; Mautz et al., 1992) , I predicted that lizards would be warier in conditions that tend to lower body temperature, such as low air temperature, high wind speed, and low sun early or late in the day (Porter et al., 1973 ); a negative relationship is expected between temperature and the variables indicating wariness, approach distance and flight distance (Rand, 1964) . I also predicted that a lizard would be warier when approached while it is further from cover (Dill and Houtman, 1989; Dill, 1990) or when approached di- rectly such that the potential predator would intercept or pass close to the lizard (Walther, 1969; Burger and Gochfeld, 1990). I expected direct effects of each of the environmental variables on approach distance and flight distance, as well as indirect effects through their interrelationships. For example, at higher temperatures (or low wind or at midday), lizards are expected to be closer to cover for shade (Porter et al., 1973 ) and would then be less wary. I also predicted compensation between approach distance and flight distance; a lizard that runs far can be lax in other aspects of antipredator behavior and run at a short approach distance. Figure 2 . When I spotted a lizard, I changed direction and walked directly toward it. When the lizard ran, I stopped and dropped a flag at the point at which I was standing (observer). Flags were subsequently dropped at the place the lizard was located before running from me (lizard's origin) and at the place the lizard stopped running (li-zard's destination). I attempted to capture the lizard by noosing and, if successful, measured cloacal temperature using a Miller and Weber quick-reading mercury thermometer. SVL, total length (nose to tip of the tail), hind-limb span, and forelimb span were measured to the nearest mm using a plastic ruler. Limbs were stretched perpendicularly to the body, and limb spans were measured from toe tip to toe tip, excluding the claws (Garland, 1985) . A Pesola scale was used to weigh the animal to the nearest 0.1 g. Sex was noted, and females were palpated to determine reproductive condition. To distinguish individuals, lizards were marked with a small drop of red, blue, and/or yellow fingernail polish on the dorsal side of the neck, midback, lower back, or the base of the tail and were then released at the site of capture.
METHODS
Shaded air temperature (1 cm above the ground) at lizard's origin (Fig. 2) Calculations.--Using the above measurements, I calculated the final distance between myself and the lizard after the lizard ran (Fig. 2) . The angle of the observer's approach is a measure of directness. However, the angle between the observer's path and approach distance is geometrically correlated with approach distance, i.e., as approach distance decreases, the angle Statistics.-I used analysis of variance (ANOVA) run on SPSS/PC+ (Norusis, 1989) to test for differences among populations and between species. Residual analysis was used to determine the necessity of transforming data. A KruskalWallis nonparametric ANOVA was performed when transformations failed to achieve approximate normality. To avoid the effects of differences among sites in interspecific comparisons, I compared species only at San Simon Cienagas where they occurred in sympatry.
Relative limb lengths were compared using analysis of covariance (ANCOVA) of log-transformed limb span on log SVL. SVL was used instead of mass because mass is confounded with reproductive condition, since gravid females are heavier. Because lizards have continuous growth, size comparisons are biased by age structure. Therefore, I used only the largest 20% of lizards in each group to compare SVL between species and among populations (Case, 1979). Prior to path analysis, data were standardized to account for population differences by calculating the standardized residuals from the regressions of each variable on dummy variables for population. Distance to big shrub was used instead of distance to cover in path analysis because distance to big shrub generally had higher correlations with the other variables than did distance to cover. Approach distance and flight distance were log-transformed, and the square root was taken of distance to cover (big shrub) and directness to normalize the distribution of the data. All predicted paths (Fig. 1) were entered in the original model, and a final model was reached by backward elimination of paths with a coefficient < 0.1. Because some variables (e.g., temperature and wind) were not expected to vary linearly with time, the square of the z-score of time was excepted from this restriction if time remained in the model. Significance of the overall model was tested using the x2 statistic as a measure of the goodness of fit; small x2 value corresponds to a good fit for the model. Because not all individuals were captured, the data for sex and SVL are incomplete. In analyses on lizards for which sex and SVL were available, sex and SVL were never significant predictors of flight behavior. Therefore, these variables were excluded from the path analyses. In one-way ANOVAs, the only site at which males and females differed significantly in flight behavior was at the Desert Tortoise Preserve (Table 3) . At the Desert Tortoise Preserve, males ran at significantly greater approach distances (F = 6.86, df = 1, 10, P = 0.0257) and ran to greater final distance (F = 6.17, df = 1, 10, P = 0.0323) than did females. Five of the seven females at this site were gravid. When males and gravid females were compared, approach distance was still significantly different (F = 6.91, df = 1, 8, P = 0.0302), but final distance was not (F = 3.56, df = 1, 8, P = 0.0960). Furthermore, when nongravid females only and males were compared at the other sites, the sex differences were insignificant. Based on all of these analyses, sex per se had little effect on flight behavior in these populations. Positive direct effects were significant in both species between temperature and flight distance, directness and approach distance, and between distance to cover and both approach distance and flight distance. Wind correlated negatively with approach distance for Callisaurus and positively with flight distance for Cophosaurus. Thus, in windy conditions, Callisaurus ran later, which suggests decreased wariness, and Cophosaurus ran further, indicating increased wariness. The relationship between approach distance and flight distance was significant for Cophosaurus but not for Callisaurus. Cophosaurus that ran at a large approach distance also ran far.
Correlates of individual variation within populations: Residual values after removal of population differences for all lizards (Callisaurus
Wind, time, and standardized time2 had direct and indirect significant effects on flight behavior. Flight distance in Callisaurus and approach distance in Cophosaurus decreased with time at the beginning of the day and increased later in the day, suggesting that wariness was highest early and late in the day and was lowest in the middle of the day. Wind, time, and standardized time2 had indirect effects on flight behavior through their effects on temperature. For observations of both lizard species, air temperature rose early in the day and decreased later in the day and was negatively related to wind. In addition for Callisaurus, time and standardized time2 had an indirect effect through distance to cover; lizards decreased their distance from shrubs early in the day and later slightly increased the distance. The value of an indirect path is calculated as the sum of the products of all possible paths between two variables (excluding the direct path; Li, 1975; Sokal and Rohlf, 1981) . For example, the indirect effect of time on flight distance in the final model for Callisaurus (Fig. 4A) The Callisaurus at San Simon Cienagas were also wary when compared to the lizards at Desert Center and the Desert Tortoise Preserve. The Callisaurus captured at San Simon were larger but had relatively shorter hind limbs compared to those at the other two sites and shorter forelimbs compared to the lizards at the Desert Tortoise Preserve (Fig. 3) . These differences, however, are difficult to interpret because of several confounding factors. Mean air temperature was not significantly different among the three California sites, but San Simon Cienagas was cooler than the others and differed substantially in sparseness of vegetation. Predation pressure was not examined in this study but could differ among sites. Population variation in antipredator behavior corresponded to differences among sites in predation pressure in lizards (Schall and Pianka, 1980), salamanders ( Individual variation.-Sex and size differences: Sex differences in flight behavior were significant only for Callisaurus at the Desert Tortoise Preserve, perhaps because of the higher proportion of gravid females found at this site. Most of the females caught at this site were gravid, whereas no more than one captured female was gravid at the other sites (Table 3) Correlates of individual variation in wariness: Based on path analysis (Fig. 4) , all of the variables examined in this study influence antipredator behavior in Callisaurus and Cophosaurus, although not all of the relationships were in the predicted directions. As hypothesized, the presence of nearby cover had direct effects on both approach distance and flight distance in both species (Fig. 4) , indicating greater wariness in lizards further from cover. Squirrels (Dill and Houtman, 1989 ) and fish (Dill, 1990 ; but see McLean and Godin, 1989) also have positive relationships between cover and approach distance.
Wariness increased with temperature, which is counter to expectations but is consistent with the findings of some other studies. In addition, individuals of both species ran later (shorter approach distance) when approached directly, contrary to expectations. The threat to a lizard is clearly greater when temperature is lower and when a predator approaches directly. Cold lizards have an impaired ability to run and are, therefore, expected to be more wary (e.g., Rand, 1964; Bennett, 1980; Hertz et al., 1982) . Moreover, black iguanas approached by a human (Burger and Gochfeld, 1990) and Thomson's gazelles, in response to a car (Walther, 1969), ran sooner when approached directly. Lizards in the present study, however, ran further at warmer temperatures and fled sooner when approached at an angle. As an alternative hypothesis for these lizards, immobility may be the predominant strategy to perhaps avoid detection when the threat is high, e.g., when the temperature is low or the lizard is approached directly. Warm lizards may also run further because they are more effective (faster) runners at higher temperatures. In addition, movement of the predator may be more detectable during a sidelong approach than a direct approach; a directly approaching predator may not provide enough of a stimulus for a flight reaction from the lizard.
Effect of temperature on wariness in lizards is variable. The positive relationship between temperature and wariness in this study is consistent with the results of Losos (1988) who found that, at high ground temperatures, the military dragon (Ctenophorus isolepis) ran further. Earlier in the morning while basking, Callisaurus could be approached closely, but they ran far when approached after warming (Tanner and Krogh, 1975). Other studies have found inverse relationships between wariness and temperature in lizards (Rand, 1964; Shallenberger, 1970) .
Time and wind had direct effects on flight behavior and indirect effects through their relationships with temperature and distance to cover. Time and wind data for both species showed the expected relationships with air temperature. The direct effects of time and standardized time2 on flight behavior suggest an endogenous daily cycle of wariness. Indirect paths through temperature and distance to cover also account for a component of the effects of time, standardized time2, and windiness on wariness. For example, under the conditions associated with high temperature, such as being midday or low wind, lizards ran further after being approached. Physical factors were correlated with survival in Uta stansburiana; surviving lizards in enclosures were active under clearer skies and at a central time of day compared to nonsurvivors (Fox, 1978) . Therefore, if physical factors influence survival, antipredator behavior should be adjusted to different conditions.
As predicted, approach distance had a direct effect on flight distance in Cophosaurus but in the opposite direction expected; individuals that ran early also tended to run far. The relationship between approach distance and flight distance was not significant in Callisaurus. The lack of a negative relationship between these two variables in either species indicates that there was no compensation between running soon and running far. Rather, an individual that is wary by one measure (approach distance) is also wary by the other (flight distance). 
